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Evapotranspirasi
Metoda Penmann

1. REFERENCE EVAPOTRANSPIRATION (ETo)

1.3 Penman Method

Climatic data required are: mean temperature (T in 0C), mean relative humidity
(RH in %), total windrun (U in km/day at 2 m height) and mean actual sunshine duration
(n in hour/day) or mean radiation (Rs or Rn equivalent evaporation in mm/day). Also
measured or estimated data on mean maximum relative humidity (RHmax in %) and mean
daytime windspeed (Uday in m/sec at 2 m height) must be available. Reference evapo-
transpiration (ETo) representing the mean value in mm/day, over the period considered,
is obtained by:

ETa = ¢ [W. Rn + (1-W). f(U). (ea-ed)]

where:

(ea-ed) vapour pressure deficit i.e. the difference between saturation
vapour pressure (ea) at Tmean in mbar (Table 9) and actual
vapour pressure (ed) in mbar where ed = ea. RH/100 ’
f(U) =  wind function of f(U) = 0.27 (1 + U/100) with U in km/day
measured at 2 m height
Rn = total net radiation in mm/day or Rn = 0.75Rs - Rnl where Rs is
incoming shortwave radiation in mm/day either measured or
obtained from Rs = (0.25 + 0.50 n/N)Ra. Ra is extra-terrestrial
radiation in mm/day (Table 10), n is the mean actual sunshine
duration in hour/day and N is maximum possible sunshine duration
in hour/day (Table 11). Rnl is net longwave radiation in mm/day
and is a function of temperature, f(T), of actual vapour pressure,
f(ed) and sunshine duration, f(an), or Rnl = f(T). f(n/N) . f(ed)
(Tables 12, 13 and 14)
temperature and altitude dependent weighting factor (Table 15)
adjustment factor for ratio Uday/Unight, for RHmax and for Rs
(Table 16)
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EXAMPLE

Given: Location 30°N; altitude 95 m; ]ul Tmean 28.5°C; RHmean 55%;
Umean 232 km/day; n mean 11.5 hour/day, ' (RHmax 80%, Uday 3 m/sec,
Uday/Unight 1.5).

Calculation:

ea T = 28.5°C Table 9 38.9 mbar

ed ea. RH/100 calc 21.4 mbar
ea-ed calc 17.5 mbar
f(U) 0.27(1 + U/100); U = 232 km/day calc __g

Ra 30°N, July Table 10 16.8 mm/day
N 30°N, July Table 11 13.9 hour/day
Rs (0.25 + 0.50n/N) Ra calc 11.2 mm/day
Rnl £(T). f(ed) . f(n/N) Tables 12, 13, 14 1.8 mm/day
Rn 0.75Rs - Rnl calc 6.6 mm/day
\ Tde= 26.5°C; 95m ' Table 15 0.77

c RHmax 80%; Rs 11.2; Uday/Unight 1.5 Table 16 : .
ETo c [W.Rn + (1-W). f(U) . (ea-ed)] calc 8.8 mm/day
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Table 9 Saturation Vapour Pressure (ea) in mbar as Function of Mean Air Temperature (T) in oc ¥y

tapm R o el 2 e mETsE 6 JFSUBTIA WARE 1.3 W Q5 16 SH 18749

ea mbar 0.1 F 6.00 Tel ug-bo@ 8. 2. 9.3 10,608 10.7 11;5 12.5 4851 1430015.0 16.1 17.0 18.2 194 20.6" 22.0

Temper[. on * o3 T Bs 840 saabhokle o5 o . 28 . oo 3% Cgat o np o A3 4z GEs 86 437 588 89

ature ©°C

ea mbar | 23.4 24.9 26.4 28.1 29.8 31.7 33.6 35.7*37,;?40.1*42.4 %Z.9 47.6 50.3 53.2 56.2 59.4 62.8 66.3 69.9

Y Also actual vapour pressure (ed) can be obtained from this table using available Tdewpoint data.
(Example: Tdewpoint is 18°C; ed is 20.6 mbar)
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Exfra-terrestrial Radiation (Ra) expressed in equivalent evaporation in mm/day

Table 10
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Table 11

Mean Daily Duration of Maximum Possible Sunshine Hours (N) for Different Months and Latitudes

?2{:&3@ Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Eg&t&izt July Aug Sept OetH Nov Dec Jan Feb Mar Apr May June
40 9.6 10:7 11.9 1323 14.4 15.0 14.7 13.7 12.5 11 2 10.0 9.3
35 10.1 L1e0 11.9 131 14.0 14.5 14.3 1855 125 1353 1063 9.8
30 10.4 11.1 12.0 12.9 13.6 14.0 13.9* 13.2 124 1145 10.6 10.2
25 10.7 14 I 1260 1257 1373 i e Yo 18 13¢Q@ 12%3 11.6 10.9 10.6
20 1140 11:5 12.0 126 13.1 135 13.2 12,8 12.3 i .77 2 [ 10.9
15 11.3 1146 12.0 125 12.8 13.0 12.9 12.6 12,2 1148 1144 112
10 11.6 11.8 12,0 1238 1246 12%7 12.6 12.4 1241 11.8 11.6 11.5
5 118 11.9 12,0 12.2 1233 1254 1243 Y253 12,1 12.0 11.9 14 R
0 12.0 12:0 120 12.0 123 12.0 1250 12.0 12.0 1230 12.0 12.0
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Table 12 Effect of Temperature f(T) on Longwave Radiation (Rnl)
e 0 2 4 6 810 12T T HANYRIGI RS v 2oy 22722828 30T 327 3 36
f(T) = éTk4 11.0 ¥.4 11.7 12,0 92.4 120F 13,1 143.5 138 14.2414.6 1530 15:4 315.9 1633*%16.7 472 1157 18:)
Table 13 Effect of Vapour Pressure f(ed) on Longwave Radiation (Rnl)
ed mbar 6 8 10 12 14 16 T 18 20" 22 DAY ZH. 20, 30 32 3 36 38| 40

f(ed)=0.34-0.044]/§1 0.23 3EBns20 519 18, 16 415 &34 312 120 S .10 09 .08 | 408 ., .07 306

Table 14 Effect of the Ratio Actual and Maximum Bright Sunshine Hours f(n/N) on Longwave Radiation (Rnl)
n/N O a05 -1 .15 ¢2 025 n3 135 l4 045 ;5 -55 -6 -65 -7 -75 g8 .85 .9‘ .95 1.0

f(n/N) = 0.1 + 0.9n/N 0,10 <15 .19 .24 28" 483 287 %42 “546 ".515-055 W60 64 69 .73 78 8% 87 .91°196 1.0
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Table 15 Values of Weighting Factor (W) for the Effect of Radiation on ETo at Different Temperatures and Altitudes

Temperature ©C 2 4 6 8 10 12 | A I i i VPN e e

W at altitude m
O 0-43 -46 049 052 n55 -58 .61 -64 -66 -69 071 n73 -75 -77* -78 .80 n82 -83 -84-

500 S T T L B RS e S e ST e s 705 T2 1w T i 76y s T8 g 9 e Bl w82 1 w84i485

1000 | sl [ 49 W50 <507 58 61 6l SE0 S Tl dd, sl e A d T s 80 B2 A03, w5 sE6

2000 249 52, 55 458 W61 564 B0 aB0 ST (078 WIS AT wdDl W8 k820 20485 kB0 el

3000 52 455 W58 Bl WBL 466 i69, 71 w73 475 517 pisdDas0l,, +82,,.404 85 86 B8 .8
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Table 16 Adjustment Factor (c) in Presented Penman Egquation

RHmax = 30% RHmax = 60% RHmax = 90%
Rs mm/day 3 6 9 12 3 6 9 12 3 6 9 12
Uday m/sec Uday/Unight = 4.0
0 .86 +907 ¢ 1,00 1.00 .96 .98 1.05 1.05 1.02 1.06 1.10 1.10
3 .79 .84 .92 .97 <52 TV 100 1211 1.19 .99 1.10 1.27 1.32¢
6 .68 77 B .93 .85 405 4 1] 1.19 .94 1.10 1.:26 1233
9 +55 +65 « 78 «90 .76 .88 1.02 1.14 .88 1.01 1.16 1527
Uday/Unight = 3.0
0 .86 .90 1.00 1.00 .96 .98 1.05 1.05 1.02 1.06 1.10 1.10
3 .76 .81 .88 L0 .87 .96 1.06 1.12 -7 1.04 1.18 1.28
6 .61 .68 .81 .88 .77 .88 1.02 1.10 .86 1.01 1.15 1,52
9 46 .56 99 .82 .67 .79 .88 1.05 .78 .92 1.06 1.18
Uday/Unight = 2.0
0 .86 .90 1.00 1.00 .96 .98 1.05 1.05 1.0 1.06 1510 1.10
3 .69 P Ly L .92 .83 .91 .99* 1.05% .89 .98 1.10% . 1.14%
6 .53 N L .84 .70 80~ * . L9 1.02 .79 .92 1.05 I.12
9 =37 48 - .65 .76 .59 .70 .84 »95 ol .81 .96 1.06
Uday/Unight = 1.0
0 .86 .90 1.00  1.00 .96 .98 4,050 Higgs 14] 1 1500 88 & St L0
3 .64 71 .82 .89 .78 .86 LO4% .99* .85 .92 1.01*  1.05%
6 A .53 .68 .79 .62 b0 .84 .93 72 .82 .95 1.00
9 .27 WAl .59 .70 .50 .60 .75 .87 .62 72 .87 .96
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